Background. Not all risk factors for acquiring multidrug-resistant (MDR) organisms are equivalent in predicting pneumonia caused by resistant pathogens in the community. We evaluated risk factors for acquiring MDR bacteria in patients coming from the community who were hospitalized with pneumonia. Our evaluation was based on actual infection with a resistant pathogen and clinical outcome during hospitalization.
1 Dipartimento di Medicina Clinica e Prevenzione, University of Milan-Bicocca, Clinica Pneumologica, AO San Gerardo, Monza; 2 Dipartimento Toraco-polmonare e Cardio-circolatorio, University of Milan, IRCCS Fondazione Ca' Granda Ospedale Maggiore Policlinico, Milan; 3 Computer Science Department, University of Milan, and 4 Background. Not all risk factors for acquiring multidrug-resistant (MDR) organisms are equivalent in predicting pneumonia caused by resistant pathogens in the community. We evaluated risk factors for acquiring MDR bacteria in patients coming from the community who were hospitalized with pneumonia. Our evaluation was based on actual infection with a resistant pathogen and clinical outcome during hospitalization.
Methods. An observational, prospective study was conducted on consecutive patients coming from the community who were hospitalized with pneumonia. Data on admission and during hospitalization were collected. Logistic regression models were used to evaluate risk factors for acquiring MDR bacteria independently associated with the actual presence of a resistant pathogen and in-hospital mortality.
Results. Among the 935 patients enrolled in the study, 473 (51%) had at least 1 risk factor for acquiring MDR bacteria on admission. Of all risk factors, hospitalization in the preceding 90 days (odds ratio [OR], 4.87 95% confidence interval {CI}, 1.90-12.4]; P 5 .001) and residency in a nursing home (OR, 3.55 [95% CI, 1.12-11.24]; P 5 .031) were independent predictors for an actual infection with a resistant pathogen. A score able to predict pneumonia caused by a resistant pathogen was computed, including comorbidities and risk factors for MDR. Hospitalization in the preceding 90 days and residency in a nursing home were also independent predictors for inhospital mortality.
Conclusions. Risk factors for acquiring MDR bacteria should be weighted differently, and a probabilistic approach to identifying resistant pathogens among patients coming from the community with pneumonia should be embraced.
Pneumonia caused by multidrug-resistant (MDR) pathogens traditionally has been confined to the hospital setting. In view of the diffusion of healthcare delivery and technology outside the hospital, resistant pathogens have extended beyond the confines of the inpatient setting. The rapid emergence of MDR bacteria that cause pneumonia in the community has created the need to identify risk factors for acquiring resistant pathogens by evaluating the contacts patients have with the healthcare environment as well as the patient's characteristics [1] .
Pneumonia that occurs in outpatients who have been in contact with the healthcare system is termed healthcare-associated pneumonia (HCAP) [2] . Prior hospitalization, residency in a nursing home, going to hemodialysis centers, and receiving domiciliary care are some of the risk factors for acquiring the resistant pathogens included in the HCAP classification. Beyond these risk factors, immunosuppression, severe underlying diseases, and the patient's functional status also have been recognized as conditions that could lead to acquisition of MDR pathogens [3] . The American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) guidelines recognize that pneumonia in patients with these risk factors who come from the community shares bacteriologic features with nosocomial pneumonia and thus should be treated with broad-spectrum empiric antibiotic therapy [2] .
It has been demonstrated that a large group of patients with risk factors for acquiring MDR bacteria may present with differences in terms of epidemiology, impact on the actual acquisition of a resistant pathogen, and response to therapy [4, 5] . Recently, concern has been raised because all risk factors for MDR acquisition are classified within the same category and a definition of different subpopulations of patients is needed [6, 7] .
The aim of our study was to evaluate risk factors for acquiring MDR bacteria among patients coming from the community who were hospitalized with pneumonia on the basis of infection with a resistant pathogen and patient clinical outcome during hospitalization. A second purpose was to develop a risk-scoring tool that could be used to identify subjects who come from the community to the hospital with pneumonia caused by resistant organisms.
MATERIALS AND METHODS

Study Design and Study Patients
This was an observational, prospective study of consecutive patients coming from the community who were admitted to the Policlinico Hospital, Milan, Italy, with a diagnosis of pneumonia between April 2008 and April 2010. The Institutional Review Board of the Policlinico Hospital approved the study. Patients $18 years of age who satisfied the criteria for pneumonia were included in the study. Patients who were hospitalized in the previous 15 days were excluded. The patient enrollment process is detailed in the online supplement. The following data were recorded: demographics; past medical history; severity of symptoms on admission; pneumonia severity index (PSI) and CURB-65 score (confusion, urea nitrogen, respiratory rate, blood pressure, $65 years of age); physical, laboratory, and radiological findings on admission; microbiological data; empiric antibiotic therapy; and in-hospital mortality [8, 9] .
Study Definitions
Pneumonia was defined as the presence of a new pulmonary infiltrate on chest radiograph at the time of hospitalization associated with $1 of the following: (1) new or increased cough with/without sputum production; (2) fever ($37.8°C) or hypothermia (,35.6°C); or (3) abnormal white blood cell count (either leukocytosis or leukopenia), or C-reactive protein values above the local upper limit. Severe community-acquired pneumonia (CAP) was defined according to the latest ATS guidelines [10] . Severe sepsis was defined as sepsis plus $1 signs of organ hypoperfusion or organ dysfunction, as previously reported [11] . Length of stay was calculated as the number of days from the date of admission to the date of discharge.
Risk Factors for Acquiring MDR Pathogens
The following risk factors for acquiring MDR pathogens were recorded among the study population according to the ATS/ IDSA guidelines: hospitalization for $2 days in the preceding 90 days, residency in a nursing home or extended-care facility, home infusion therapy (including antibiotics), home wound care, chronic dialysis within 30 days, family member with an MDR pathogen, antimicrobial therapy in the preceding 90 days, and immunosuppression [2] . Severe immunosuppression was defined by the presence of $1 of the following factors: active hematologic malignancy, transplantation, immunosuppressive therapy, chemotherapy, and radiotherapy. Mild-to-moderate immunosuppression was defined by the presence of $1 of the following factors: chronic systemic steroid therapy (prednisone $25 mg/day), active solid malignancy, splenectomy, and autoimmune disease.
Microbiological Analysis and Empiric Antibiotic Therapy
Microbiological examinations were performed on sputum, urine, and blood during the first 24 hours after admission and according to standards of practice. Pleural puncture, tracheobronchial aspirates, and bronchoalveolar lavage fluid, when available, were also collected and cultured. Identification of microorganisms and susceptibility testing were performed according to standard methods [12] . Microbiological results were reviewed, and a microbiological cause was assigned independently by 2 . When $2 microbiological causes were present, the patient was considered to have a polymicrobial infection. Patients for whom no microbiological tests were performed and patients with negative microbiological results were considered to have disease of an unknown etiology.
Methicillin-resistant Staphylococcus aureus (MRSA); Pseudomonas aeruginosa resistant to antipseudomonal penicillins, cephalosporins, carbapenems, and quinolones; Stenotrophomonas maltophilia; vancomycin-resistant Enterococcus; Acinetobacter baumanii; extended spectrum b-lactamase (ESBL)-producing Enterobacteriaceae; and other nonfermenting gram-negative bacilli were considered to be MDR pathogens. Empiric antibiotic therapy was administered as soon as the diagnosis of pneumonia was reached in the emergency department. The empiric antibiotic treatment was evaluated for compliance with the European Respiratory Society guidelines [13] .
Study Groups and End Points
Two study groups were identified among the study population according to the presence of risk factors for acquiring MDR bacteria: group A, patients without risk factors, and group B, patients with $1 risk factors for resistant pathogen. The microbiological end point was the actual isolation of an MDR pathogen. The clinical end point was the in-hospital mortality.
Statistical Analysis
All data were statistically analyzed using SPSS (version 18.0) for Mac. Descriptive statistics were reported at baseline, with continuous data expressed as a mean 6 SD and categorical data expressed as counts. Patient characteristics were compared between group A and group B: all continuous explanatory variables were presented as means, with differences between the 2 groups compared by means of independent t tests. Categorical explanatory variables were summarized as frequencies and percentages, with differences between the 2 groups analyzed using the v 2 test and Fisher exact test when appropriate. Risk factors for acquiring MDR bacteria independently associated with the actual presence of a resistant pathogen were evaluated by a logistic regression model, using the forward method. Goodness of fit was explored based on the Hosmer-Lemeshow test. Interactions between terms within the logistic model were also tested. Based on the logistic regression findings, a predictive additive scoring tool was developed to identify the presence of MDR pathogens. Coefficients from the logistic regression were converted to whole integers and 0.5 points were defined for the presence of $1 risk factors not included in the final regression model. Risk classes (low vs high) were defined by the inspection of the prevalence of MDR pathogens given the different score values. The predictive value of the scoring tool was explored for correctly indicating the presence of MDR pathogens via a receiver-operating characteristic (ROC) curve. Independent predictors for in-hospital mortality were evaluated in the entire study population by a logistic regression model, using the forward method. All tests were 2-tailed, and a P value ,.05 was considered statistically significant.
RESULTS
A total of 935 consecutive patients with pneumonia were enrolled during the study period (54% males, mean 6 SD age: 76 6 15 years). Demographics; severity of disease; and clinical, laboratory, and radiological findings on admission of the study population are summarized in Table 1 . Within the study population, 473 patients (51%) had $1 risk factors for acquiring MDR bacteria on admission (Table 2 ). A total of 271 patients (29%) had 1 risk factor, 129 (14%) had 2 risk factors, 54 (6%) had 3 risk factors, and 19 (2%) had $4 risk factors. The most common associations among risk factors were previous hospitalization plus previous antimicrobial therapy (10%) and previous hospitalization plus immunosuppression (8%). Demographics; comorbidities; severity of disease; and physical, laboratory, and radiological findings on admission of patients with and without risk factors are depicted in Table 1 . Patients in group B showed a more severe disease on admission compared with group A, with a higher prevalence of severe sepsis. S. pneumoniae was the most common pathogen isolated in both study groups. A higher prevalence of MDR bacteria was found in patients in group B compared with those in group A (6.1% vs 0.9%, respectively; P , .001) ( Table 3) . Among patients with an isolated resistant pathogen, 7 had bacteremia on admission: 3 due to ESBL-positive Escherichia coli, 2 due to MRSA, 1 due to Providencia stuartii, and 1 due to Proteus species. A combined etiology of resistant pathogens was identified in 3 patients among those in group B: MRSA plus S. maltophilia in 2 cases and ESBL-positive E. coli plus MRSA in 1 case. A score for predicting the risk of infection with resistant bacteria, including factors related to contact with the healthcare environment as well as patients' comorbidities, was computed ( Table 4 ). The scores ranged from 0 to 12.5. Based on visual inspection, patients were grouped into low-risk and high-risk classes as a function of their overall score (Figure 1 ). Among patients with a score #0.5 on entry, the prevalence of a resistant bacteria was 8% (95% CI, 2%-13%), compared with 38% (95% CI, 25%-50%) in those with a score of $3 (P , .001). Figure 2 depicts the ROC curve for the score. The area under the ROC curve is 0.79 (95% CI, .71-.87). A score .0.5 was associated with the best balance between sensitivity (0.75) and specificity (0.71).
Data on the initial antimicrobial treatment are given in Table 3 . Of the 33 patients who had $1 MDR organisms, the pathogen was susceptible to the empiric antibiotic therapy in 22 subjects (66%). Mean 6 SD length of stay in the hospital was 15 6 11 days for the entire study population: patients in group B had a longer hospital stay compared with those in group A (15.3 6 12.3 vs 13.8 6 8.9 days, respectively; P 5 .037). Inhospital mortality for the entire study population was 16% (n 5 161). Among patients in group A (n 5 48), mortality was 10%; among those in group B (n 5 104), mortality was 22% (P , .001). Mortality was 48% for patients coming from a nursing home and 26% for patients who were hospitalized in the preceding 90 days.
For the entire study population, a multivariable logistic regression model was used to analyze all risk factors for acquiring MDR bacteria. Hospitalization in the preceding 90 days (OR, 1.63 [95% CI, 1.04-2.54]; P 5 .034) and residency in a nursing home or extended-care facility (OR, 2.83 [95% CI, 1.54-5.2]; P 5 .001) were found to be independent predictors for inhospital mortality, after adjustment for age, sex, PSI, severe CAP, severe sepsis on admission, and appropriate antibiotic treatment (Nagelkerke R 2 , 0.234; omnibus v 2 test, 0.024) ( Table 5 ).
DISCUSSION
Our study shows that more than half of the patients who were admitted to the hospital from the community because of an episode of pneumonia had risk factors for MDR. Of those patients, hospitalization in the preceding 90 days and residency in a nursing home or extended-care facility were independently associated with an actual infection with a resistant pathogen, as well as in-hospital mortality. A simple score performed on admission to the hospital that included risk factors and comorbidities was used to stratify patients into different classes based on the probability of having MDR pneumonia. Our results argue in favor of an individual evaluation of each patientin order to develop a targeted approach when selecting empiric antibiotic therapy for those patients with CAP. Among known risk factors for acquiring MDR bacteria, hospitalization in the preceding 90 days and residency in a nursing home or extended-care facility were independently associated with pneumonia caused by a resistant pathogen. These findings are in accordance with recent experiences that showed both risk factors to be related to infection with MDR bacteria in different populations, including patients with acute respiratory failure and those admitted to an intensive care unit [6, 7, [14] [15] [16] . Although our findings were observed only among patients with an isolated pathogen, previous hospitalization and nursing home residency were also found to be significantly associated with in-hospital mortality among the entire cohort. The double impact of these 2 risk factors on both microbiological and clinical outcomes emphasizes their roles.
There are possible 2 reasons for the impact of previous hospitalization and nursing home residency on resistant pathogen infection. First, the impact could be related to exposure to an extensive antibiotic coverage in these settings that leads to a selecting pressure for resistance. Second, the persistence of MDR pathogens in different wards and transmission between healthcare workers and patients is increasing, and effective healthcare policies are needed to reduce these pathogens [17] .
In our population, immunosuppression did not seem to convey an increased risk for infection with a resistant pathogen. This finding is intriguing, although in accordance with recent literature [7] . Immunosuppression needs to be evaluated as the expression of different disorders, and its association with MDR is based on the type of disease leading to immunosuppression, its severity, and the effectiveness of the treatment chosen. Based on our results, contact with the healthcare system seems to play a more important role in the acquisition of a resistant pathogen than immunosuppression in patients with pneumonia. We also found chronic renal failure to be an independent risk factor for MDR infection in our cohort. This association has been previously demonstrated in patients infected by Mycobacterium tuberculosis and other bacteria [18, 19] . We can also speculate that chronic renal failure represents a window on a patient's functional status. Our finding could reinforce the hypothesis that functional impairment is a crucial determinant of the risk for acquiring drug-resistant pathogens, as recently suggested [3] .
As an alternative to a large classification that includes different risk factors, we suggest a probabilistic approach in assuming the presence of MDR-causing pneumonia. The model we developed has the advantage of taking into consideration both the number/ type of comorbidities and risk factors and the interaction among them. Recent literature indicates a shift toward this approach [7, 16] . A score to predict MDR pneumonia will allow physicians to develop both diagnostic and treatment protocols. On the one hand, a more rigorous and invasive microbiological workup could be indicated for those patients in the high-risk class. On the other hand, the administration of appropriate empiric antibiotic therapy could be optimized, thus minimizing the unnecessary use of broad-spectrum antibiotics in patients in the low-risk class.
Our study had some limitations. We found a low prevalence of MDR pathogens in our cohort; this finding could be related to the single-center design of the study as well as our healthcare organization and internal policies. Our results should thus be interpreted with caution because different causative organisms or rates of antibiotic resistance may be encountered in other countries. Furthermore, we were not able to directly detect our patients' functional status, and some characteristics of the study population may have limited the ability to identify disease severity as one of the risk factors for MDR infection. In further multicenter studies enrolling a large number of patients, more variables could be evaluated and included in robust prediction models to identify the relationship among different risk factors for MDR organisms. Finally, although our scoring tool appears to perform quite well in identifying patients coming from the community with pneumonia caused by resistant microorganisms, we should acknowledge the absence of a validation of the model in an independent group of patients.
The strength and novelty of our prospective study rely on a specific analysis of all risk factors for acquiring MDR bacteria (including immunosuppression and comorbidities) in a large population of consecutive patients coming from the community with pneumonia and who were hospitalized in different wards. Furthermore, the analysis of risk factors for acquisition of MDR bacteria has been weighted based on both microbiological and clinical outcomes.
Pneumonia caused by an MDR pathogen acquired in the community depends on both patient comorbidities/functional status and previous contact with the healthcare system. However, a different weight of risk factors for MDR should be acknowledged because previous hospitalization and nursing home residency are the main factors leading to both resistant pathogen acquisition and mortality. We suggest that a probabilistic approach to identifying resistant pathogens among patients coming from the community with pneumonia should integrate previous classifications.
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